Background: Cockroach allergy occurs frequently in asthmatics in urban areas, where the level of cockroach infestation is usually high. The prevalence of cockroach allergy, as well as the effect of associated factors on cockroach sensitisation in Nigeria is largely unknown. Objective: To determine the prevalence of cockroach allergy in asthmatics in Lagos. Design: A prospective case-control study. Setting: Medical outpatient department of the Lagos University Teaching Hospital, Lagos, Nigeria. Subjects: Two hundred and two patients with confirmed bronchial asthma and one hundred non-asthmatic control subjects took part in the study. Intervention: The cockroach allergen was administered on all the subjects using skin prick technique. Main outcome measures: The provocation of a skin reaction (wcal) fifteen minutes after administering the cockroach antigen. Results: Amongst the asthmatic patients 90 (44.6%) had positive skin tests to the cockroach allergen, compared to nine (9%) of the control subjects. There was a male preponderance of cockroach sensitivity amongst the asthmatic patients even though the difference between both sexes was not significant. Other highlights of the study included the fact that cockroach sensitivity was related to age, duration of asthma, nocturnal asthmatic attacks, frequency of attacks, and the levels of infestation. There was an insignificant relationship between cockroach sensitivity and the location of residences as well as the income status of the respondents. Conclusion: There is the need for more studies on cockroach allergy in asthmatics in our environment.
INTRODUCTION
Numerous skin test studies using various allergens have been carried out in the tropics and in developed countries. However, in the tropics, despite the battery of allergens that have been tested, none of the studies has dealt specifically with the cockroach allergen. The emphasis in most of these studies has been on the house dust mite (1) (2) (3) (4) (5) . Since cockroaches are common in the tropics (6) , and since the cockroach allergen has been found to be an important component of house dust (7) , it becomes imperative to investigate the role of the cockroach in skin sensitivity in this environment. More so since cockroach allergens have been isolated, and their presence in significant quantities in house dust have been demonstrated (7) (8) (9) . Cockroach hypersensitivity like most other allergic hypersensitivity reactions can be demonstrated by carrying out skin prick tests.
Cockroaches as excitants of allergic reactions now occupy a unique position amongst athropods because of their manifold activities. Cockroaches have been found to MATERIALS 
AND METHODS
This study which was carried out between February 1996 and April 1997, comprised 202 consecutive consenting asthmatic patients between the ages of 15 and 50 years, from the medical out-patient (MOP) clinic of the Lagos University Teaching Hospital (LUTH). The male:female ratio was 1:1.04. They were patients whose history clinical assessment and spirometric studies suggested bronchial asthma. Patients with severe attacks or exacerbations of bronchial asthma and those who had other severe debilitating disease at the time of testing were excluded from the study. So also were patients on steroids, antihistamines and patients with skin diseases and other conditions which might reduce cell mediated immunity.
The control subjects were 100 in number and they were age and sex matched. They comprised normal patients being seen for unrelated and non cardio-respiratory diseases, with no individual or family history of asthma or allergy.
All patients had clinical assessment and spirometric studies done to confirm bronchial asthma. Laboratory parameters like eosinophil count, sputum analysis (where applicable) and chest radiographs were evaluated. A standard questionnaire was administered, which reflected the demographic data, socio economic profile, duration and time of onset of asthma attacks, presence of cockroaches in the homes, severity of infestation, and knowledge of cockroach allergy. The skin test reactions recorded in both the asthmatic patients and control subjects, were grouped under major and minor reactions.
The Epi-Info (version 6) statistical software was used for data entry and analysis. The Chi-square statistics was used to test for associations in the contingency tables and for comparison of proportions. Statistical significance was said to have been achieved when the 'p' value was equal to or less than 0.05.
The Research and Ethics Committee of the Lagos University Teaching Hospital, Lagos Nigeria, approved the study protocol.
The allergy testing method used for this study was skin prick testing. The Bencard cockroach allergen, serial no J1039 (2702) manufactured by SmithKline Beecham, Brentford England was used. This cockroach antigen was prepared from the periplaneta specie, which is also the specie most commonly seen in the tropics (16) . A prick control and histamine solution supplied by the same manufacturer served as negative and positive controls respectively. The modified skin prick technique suggested by Pepys was used (17) . An emergency tray was made available in the event of an anaphylactic reaction. In carrying out the test each patient was comfortably seated and the vital signs were ascertained to be normal. The volar aspect of the forearm was used for the test. If there was bleeding the test was repeated at another site. This procedure was carried out for each of the three test solutions using a new lancet for each test. The patient was instructed not to scratch the area. Excess solution was wiped off with sterile cotton wool and the reaction was read off after fifteen minutes with the Bencard ® skin test reaction gauge supplied with the kit.
RESULTS
Two hundred and two asthmatic patients and one hundred control subjects took part in the study. Amongst the asthmatic patients, there were 104 (51.5%) females compared to 98 (48.5%) males. The asthmatic cases and the controls were similar in age and sex (p = 0.38 and 0.81 respectively).
The case prevalence of cockroach sensitivity was 44.6% in the asthmatics and 9% in the control subjects (p < 0.05).
Even though there was no statistically significant difference when the sex distribution of both cockroach sensitive and non-sensitive groups were compared (p = 0.07) it was observed that more males (55.6 %) were sensitive to the cockroach allergen than females (44.4 %). It was also found that majority of the cockroach sensitive asthmatics and the cockroach sensitive controls were in the 41-50 year age group. This was followed by the 21-30 year age group in both populations.
When the influence of socio-economic factors on cockroach sensitivity was evaluated amongst both groups of asthmatics, it was observed that their income and the location of their residences did not influence the positivity of the test (p=0.46 and p=0.84). However, most of the cockroach sensitive and non-sensitive asthmatics (63.3% and 64.3% respectively) lived in medium density areas. Majority of the asthmatics in both groups (71.1% and 71.4%) were also middle income earners.
The time of onset of attacks, the duration of asthma and the increased frequency of attacks were also found to play significant roles in the cockroach sensitive asthmatics. A total of 83.3% of the cockroach sensitive asthmatics had their attacks occurring more at night compared with 42% of the non-sensitive asthmatics. (Table 1 ). The onset of attacks during the day was comparable in both groups of asthmatics ( 5.6% and 5.4% respectively). Most of the non sensitive asthmatics (52.6%) appeared to have their attacks occurring at variable times (that is day or night or both). A higher proportion of cockroach sensitive asthmatics (24.4%), had the longest duration of asthma (>20years) compared with (4.4%) of the non-sensitive asthmatics (p< 0.05). Similarly, 24 (21.4%) of the cockroach sensitive asthmatics had the most frequent number of attacks compared with six (6.7%) of the non-sensitive asthmatics (p = 0.01). Table 2 illustrates that dust was observed to provoke more asthmatic attacks in the cockroach sensitive asthmatics than in the non-sensitive group. Majority of the cockroach sensitive asthmatics 55 (61.1%) had their attacks precipitated by dust compared with 44 (39.3%) of their non-sensitive counterparts (p<0.05). The calculated risk of asthmatic attacks being provoked by dust was 1.49 for the cockroach sensitive asthmatics and 0.67 for the cockroach non-sensitive asthmatics. Only five (5.6%) of the cockroach sensitive cases gave a history of provocation of attacks by cockroaches, none of the cockroach nonsensitive cases gave such history. Table 3 illustrates that the levels of cockroach infestation were significantly higher in the cockroach sensitive subjects (asthmatics and controls). The levels of cockroach infestation of the homes of all the 302 respondents were assessed and grouped into mild, moderate and severe infestation. Majority of the cockroach sensitive and nonsensitive respondents (52.5% and 47.3% respectively) admitted to moderate cockroach infestation of their homes. History was considered positive for significant cockroach exposure if patients reported cockroach infestation of their homes. This was reported by all the 202 (100%) asthmatics and 100 (100%) controls. χ2=10.14; p=0.02
Mild (1-6 cockroaches apparent); Moderate (7 -24 cockroaches apparent); Severe (>24 cockroaches apparent)
Of the 302 study population, only four (1.33%) had ever heard of cockroach hypersensitivity. They were all control subjects.
DISCUSSION
Cockroach allergy or hypersensitivity has been found to occur frequently in asthmatics living in urban areas, with prevalence values ranging from 16% to 55% ( 16% in South Africa, 30% in Mexico, 44% in New York and 54.9% in Taiwan) (18) (19) (20) (21) . It is interesting that such a wide range of prevalence values were obtained in the different locations. Even though this allergen has not been specifically studied in this environment, Warell et al in Zaria, Nigeria in 1979 got significant results when this allergen was tested amongst a battery of other allergens(1). Since cockroaches are ubiquitous in our environment, the levels of exposure might be expected to be high. Significantly high levels of exposure have been reported in some studies in urban centers (9, 22) . The prevalence of cockroach hypersensitivity obtained in the asthmatic patients in this study was 44.6%. This figure was similar to the 44% reported in New York (20) . However, Warell in Zaria Nigeria got a value of 32% whilst a much lower value of 16% was obtained in South Africa (1, 18) . This may however depend on a number of factors. It is known that intradermal tests give a higher incidence of positive skin test results as opposed to skin prick testing (17) . This fact may have a bearing on the eventual prevalence value obtained, because the results will then depend on the type of skin test used in eliciting the hypersensitivity reaction. The value of 44.6% obtained in this study is therefore thought to be significant since skin prick testing alone was used. A much lower prevalence value of 9% was obtained in the control subjects. This is comparable to values of 7.5% and 10% obtained in other studies (1, 23) .
Cockroach allergy has been found to be related to a number of factors amongst which are age, sex, and socioeconomic factors (10, 14, 15) . This study showed that more male asthmatics (55.6%), were sensitive to the cockroach allergen compared with the females (44.4%) even though the difference was not significant. A similar pattern was also noted by Kang et al in Chicago (14) . There was however a reversal of this gender difference in other studies which showed a female preponderance of cockroach sensitivity (15, 22) . The reason proffered by those workers was that since cockroaches were found most commonly in the kitchen, and since females spent more time in the kitchen, they were likely to be more exposed and thus more sensitive.
Cockroach hypersensitivity was commoner in the 41-50 year age group followed by the 21-30 year age group. A comparable study in Chicago showed the highest prevalence in the 20-35 year old age group (22) . However, Kang et al obtained the highest prevalence in a much younger age group (7-12 years) (14) . It has been previously noted that the prevalence of cockroach hypersensitivity decreased with age (14) , but this study showed an increase with age. Platts Mills et al who showed that there was an increased capacity to elicit skin sensitivity antibodies with increasing age and exposure further corroborates the finding in this study (24) .
Although, cockroach sensitivity is closely related to a patient's socio economic status (10, 14, 15) , this was not reflected when the location of the residences and the income status of both groups of asthmatics were compared in this study. However, the propensity for cockroach sensitive subjects to live in crowded areas (high and medium density areas) with most of them being middle income earners was noted.
This has been corroborated by other studies (14, 15) . This distribution may however be a reflection of the distribution of the residences of the study population as a whole.
Nocturnal asthma is a well-recognised entity. There has been a lot of discussion about the cause of the diurnal variation and particularly the nocturnal deterioration in asthma. There have been suggestions that it might be related to feather pillows, mites in bed, circadian corticosteroid variation and also the circadian rhythm of the sympathetic and para-sympathetic nervous system (25) . The significant difference in the time of onset of attacks between both groups of asthmatic patients might be an important environmental correlate. Majority of the cockroach sensitive asthmatics (83.3%) clearly had their attacks occurring at night compared to 42% of the nonsensitive group. Even though other factors mentioned earlier contribute to nocturnal attacks of asthma, it should be noted that night -time is the most active time for cockroaches when they shed their skin, cast, pass faeces and lay eggs. Moreover it has already been shown that these body components constitute potent allergens (10, 11) . Cockroach hypersensitivity might thus have a role to play in nocturnal asthma in this environment.
The duration of asthma is strongly correlated with allergic asthma because a long duration of asthma implies prolonged exposure to allergen. The longer duration of asthma observed in the cockroach sensitive asthmatics in this study might be because of allergen-induced sensitisation at an early age. One of the implicated allergens may be the cockroach allergen. A high frequency of asthmatic attacks in cockroach sensitive asthmatics was also observed in this study. This finding was also reported by Kang et al (22) in Chicago USA. This may imply an increased severity of asthma in them, since the frequency of attacks could also be used as an index of the severity of asthma (25) . It is thus possible that cockroach allergy predisposes to severe forms of bronchial asthma.
The finding that dust was the most common provocative factor among asthmatics has been reported in previous studies (1, 2, 5, 22) . Table 2 illustrates that more cockroach sensitive asthmatics (61.1%) admitted to dust provocation of attacks compared with the non-sensitive asthmatics (39.5%). Since the cockroach allergen is a well documented component of house dust (7, 9) , an inference that could be drawn from this is that cockroach allergy may in fact have a role to play in the aetiology of bronchial asthma, since dust samples almost always contain this allergen. However, it would have been desirable to measure the dust levels in the homes of the asthmatics and to actually quantify the levels of cockroach allergen in the dust collected. From the calculated relative risk it can also be deduced that the cockroach sensitive asthmatics were more likely than the non-sensitive group to be subject to dust provocation of attacks Only 5.6% of the cockroach sensitive patients specifically mentioned cockroach provocation of asthmatic attacks in different settings. They included three housewives and a middle aged man who noticed attacks whilst cleaning cockroach infested areas of the house like the kitchen and wardrobes.
There was also a young college student who developed an attack whenever she handled cockroaches for her biology practical lesson. It was interesting to note that all these five respondents had major reactions to the cockroach allergen.
Cockroach sensitivity may be a reflection of the variable rates of home infestation and population densities since the frequency of sensitisation appears to be related to the degree of exposure. This frequency of sensitisation also depends on the level of cockroach infestation in the homes. The levels of cockroach infestation of the homes of all the 302 respondents were assessed and grouped into mild, moderate and severe infestation (26) . It would have been desirable if the antigen used was prepared from cockroaches obtained from this environment. However, the tests carried out were still valid since inter-specie and intra specie cross-reactivity are well documented in the literature (8, 13, 27) . The fact that all the respondents (including the controls) gave a history of infestation of their homes is not surprising given the poor level of hygiene and the overcrowding in multiple occupation dwellings characteristic of an urban city like Lagos. Even the affluent respondents admitted to the presence of cockroaches (though in lesser quantities) in their homes. No cause and effect relationship was established however because significant exposure can occur without overt evidence of infestation (26) . The significant difference in the levels of infestation amongst the cockroach sensitive subjects (cases and controls) and the non-sensitive subjects (cases and controls) illustrated in Table 3 showed that the level of infestation might indeed have a role to play in cockroach hypersensitivity.
The association between cockroach allergy and asthma was demonstrated in this study. It was not surprising that the four respondents who had heard about cockroach allergy or asthma prior to the interview were medical doctors. None of the five respondents who admitted to cockroach provocation of their attacks had heard about this entity. This is not surprising since patients are often unaware of any association between allergen exposure and their symptoms (28) .
This study has demonstrated a significant level of cockroach hypersensitivity. There is thus the need for more studies on the cockroach allergen in this environment. Also, it would be necessary to carry out skin tests on asthmatics routinely, using the relevant antigens to the patient and his environment, bearing in mind that the predominant offending allergen usually varies with the locality, lifestyle, season and climate. Identification of the implicated allergen or allergens will enable patients recognise the allergen they are sensitive to. They can thus be educated about avoidance measures.
